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Wklv sdshu hvwlpdwhv wkh qdwxuh dqg h￿hfwv ri txdolw| dqg frvw lqqrydwlrqv lq wkh
hduo| dxwrpreloh/ shuvrqdo frpsxwhu/ uljlg glvn gulyh/ frpsxwhu prqlwru/ dqg frp0
sxwhu sulqwhu lqgxvwulhv xvlqj lqgxvwu|0ohyho gdwd rq ￿up qxpehuv/ sulfh/ txdqwlw|/ dqg
txdolw| dorqj zlwk dq htxloleulxp prgho ri lqgxvwu| hyroxwlrq1 Wkh uhvxowv fkdoohqjh
wkh qrwlrq wkdw qhz lqgxvwulhv h{shulhqfh d sdwwhuq ri txdolw| lqqrydwlrq hduo| rq iro0
orzhg e| frvw lqqrydwlrq odwhu rq1 Lq wkh irxu plfurhohfwurqlfv lqgxvwulhv wkh udwh ri
txdolw| lpsuryhphqw grhv qrw glplqlvk dv wkh lqgxvwulhv hyroyh1 Wkh uhvxowv iru wkh
dxwrpreloh lqgxvwu| ghprqvwudwh wkdw hyhq zkhq wkh udwh ri txdolw| lpsuryhphqw lv
kljkhvw hduo| rq/ wkh sur￿wdelolw| ri txdolw| dgydqwdjhv pd| eh kljkhu odwhu rq1
MHO frghv= O43= Pdunhw Vwuxfwxuh/ Ilup Vwudwhj|/ dqg Pdunhw Shuirupdqfh/ O96=
Lqgxvwu| Vwxglhv= Plfurhohfwurqlfv/ R64= Lqqrydwlrq dqg Lqyhqwlrq1
Nh|zrugv= vkdnhrxw/ surgxfw dqg surfhvv lqqrydwlrq/ whfkqrorjlfdo fkdqjh/ lqgxv0
wu| g|qdplfv/ whfkqrorj|
￿Vhqg fruuhsrqghqfh wr Gduuhq Ilovrq/ Ghsduwphqw ri Hfrqrplfv/ Foduhprqw Judgxdwh Xqlyhuvlw|/ 493
H1 Whqwk Vw1/ Foduhprqw/ FD/ <4:441 Skrqh= +<3<, 9540;:;51 Hpdlo= gduuhq1￿ovrqCfjx1hgx1 Wklv zrun lv
sduwo| edvhg rq p| Xqlyhuvlw| ri Urfkhvwhu Sk1G1 glvvhuwdwlrq/ dqg L zrxog olnh wr wkdqn Johqq PdfGrqdog/
Kxjr Krshqkd|q/ Plfkdho Jruw/ dqg Mrkq Nqrzohv iru frpphqwv rq hduolhu yhuvlrqv1 L zrxog olnh wr wkdqn
Sdrod Urguljxh}/ Ihuqdqgr Ideuh dqg Doiuhgr Qdyd iru uhvhdufk dvvlvwdqfh dqg Er|dq Mrydqrylf/ Ndu|q
Zlooldpv/ dqg wzr dqrq|prxv uhihuhhv iru frpphqwv wkdw lpsuryhg wklv yhuvlrq1
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Jruw dqg Nohsshu +4<;5,/ Nohsshu dqg Judgg| +4<<3,/ dqg Djduzdo dqg Jruw +4<<8, vkrz
wkdw dv d qhz lqgxvwu| hyroyhv iurp eluwk wr pdwxulw| sulfh idoov/ txdqwlw| ulvhv/ dqg wkh
qxpehu ri ￿upv lqlwldoo| ulvhv dqg wkhq idoov1 Wkhvh dxwkruv dqg wkhrulvwv vxfk dv Krshqkd|q
+4<<7,/ Mrydqrylf dqg PdfGrqdog +4<<7, dqg Nohsshu +4<<9, dwwulexwh wkh revhuyhg wuhqgv
lq sulfh/ txdqwlw| dqg wkh qxpehu ri ￿upv wr whfkqrorjlfdo lqqrydwlrqv wkdw rffxu dw wkh
lqgxvwu| ohyho lq qhz lqgxvwulhv1
Zkloh wkh lvvxh ri wkh sulpdu| fdxvh ri wkh revhuyhg wuhqgv 0 lqqrydwlrq 0 dsshduv wr eh
vhwwohg/ zh vwloo odfn nqrzohgjh derxw wkh uhodwlyh lpsruwdqfh ri gl￿huhqw w|shv ri lqqrydwlrq
dv dq lqgxvwu| hyroyhv1 D frpprqo| h{suhvvhg ylhz lv wkdw wkh udwh ri txdolw| lpsuryhphqw
lv kljkhvw zkhq wkh qxpehu ri ￿upv lv ulvlqj1 Ryhu wlph/ wkh udwh ri txdolw| lpsuryhphqw
glplqlvkhv dqg wkh udwh ri frvw lpsuryhphqw ulvhv/ dqg wklv fkdqjh fdxvhv wkh ghfolqh lq wkh
qxpehu ri ￿upv +wkh vkdnhrxw,1 Xwwhuedfn dqg Dehuqdwk| +4<:8, ￿qg wklv sdwwhuq lq wkh
dxwrpreloh lqgxvwu| dqg Nohsshu +4<<9, ghvfulehv vhyhudo vwxglhv wkdw ￿qg wklv sdwwhuq lq
rwkhu lqgxvwulhv1
Wkh sdwwhuq ri txdolw| lqqrydwlrq hduo| rq iroorzhg e| frvw lqqrydwlrq odwhu rq kdv ehhq
vx!flhqwo| grfxphqwhg wkdw lw pd| eh fdoohg d vw|ol}hg idfw1 Krzhyhu/ zkhwkhu zh revhuyh
wklv sdwwhuq lq uhfhqw kljk0whfk lqgxvwulhv lv dq rshq txhvwlrq1 Ixuwkhu/ ehfdxvh txdqwli|lqj
txdolw| dqg frvw lqqrydwlrq w|slfdoo| uholhv rq hlwkhu dqhfgrwhv/ frxqwlqj sdwhqwv/ ru xvlqj
vrph rwkhu vdpsolqj phwkrg/ wkh olqnv ehwzhhq lqqrydwlrq dqg sur￿wdelolw| kdyh qrw ehhq
vwxglhg forvho|1 Iru h{dpsoh/ rqh pljkw eh whpswhg wr lqihu iurp hduolhu zrun wkdw vlqfh wkh
udwh ri txdolw| lqqrydwlrq lv kljkhvw hduo| rq/ wkh sur￿wdelolw| ri txdolw| lqqrydwlrq glplqlvkhv
dv wkh lqgxvwu| hyroyhv1
Wkh jrdo ri wklv sdshu lv vruw rxw krz txdolw|/ frvw/ dqg wkh sur￿wdelolw| ri lqqrydw0
lqj hyroyh ryhu dq lqgxvwu|*v olih f|foh1 Wr dffrpsolvk wklv L dgrsw d qryho dssurdfk wr
wkh sureohp ri phdvxulqj wkh qdwxuh dqg h￿hfwv ri lqqrydwlrq= L hvwlpdwh lqqrydwlrqv xv0
lqj lqgxvwu|0ohyho gdwd rq ￿up qxpehuv/ sulfh/ txdqwlw|/ dqg txdolw| dorqj zlwk d vlpsoh/
wudfwdeoh/ g|qdplf lqgxvwu| htxloleulxp prgho1 Wkh prgho surylghv d olqn ehwzhhq lqgxvwu|0
ohyho revhuydeohv/ xqghuo|lqj lqqrydwlrqv/ dqg sur￿w1
5Wkh prgho hpsor|v  h{leoh txdolw| dqg frvw odgghuv1 Ilupv wdnh wkhlu lqgxvwu|*v txdolw|
dqg frvw odgghuv dv jlyhq dqg pdnh hqwu|/ h{lw/ txdqwlw|/ dqg lqyhvwphqw ghflvlrqv rswlpdoo|1
Jlyhq wkh odgghuv wkh prgho jhqhudwhv suhglfwhg sdwwhuqv lq ￿up qxpehuv/ sulfh/ txdqwlw|/
dqg txdolw|1 Wkhvh sdwwhuqv duh ￿w wr wkh gdwd wr hvwlpdwh wkh txdolw| dqg frvw odgghuv1 Wkhq
L dqdo|}h wkh hvwlpdwhg wuhqgv lq frvwv/ sur￿w/ dqg lqyhvwphqw wkdw wkh prgho jhqhudwhv1
Wkh prgho h{whqgv suhylrxv g|qdplf htxloleulxp prghov ri lqgxvwu| olih f|fohv +Krshq0
kd|q +4<<7,/ Mrydqrylf dqg PdfGrqdog +4<<7, dqg Nohsshu +4<<9,, lq wzr zd|v1 Iluvw/ lw
doorzv iru erwk txdolw| lpsuryhphqwv dqg fkdqjhv lq yduldeoh dqg ￿{hg frvwv1 Wkh uhvxowv
vkrz wkdw doo wkuhh w|shv ri lqqrydwlrq sod| lpsruwdqw urohv dv lqgxvwulhv hyroyh1 Vhfrqg/ lw
lv  h{leoh= wkh prgho doorzv wkh rssruwxqlwlhv iru lqqrydwlrq lq gl￿huhqw lqgxvwulhv wr hyroyh
dffruglqj wr zkdw wkh wuhqgv lq wkh lqgxvwu|0ohyho revhuydeohv vxjjhvw1
Wkh ￿yh surgxfwv L vwxg| duh dxwrprelohv +4;<804<5<,/ shuvrqdo frpsxwhuv +4<:804<<<,/
uljlg glvn gulyhv +4<;304<<<,/ frpsxwhu prqlwruv +4<:404<<<,/ dqg frpsxwhu sulqwhuv +4<:30
4<<<,1 Iljxuhv 408 judsk ￿up qxpehuv/ sulfh/ pdunhw txdqwlw|/ dqg txdolw| lq hdfk lqgxvwu|1
Doo ￿yh lqgxvwulhv kdyh hyroyhg wkh zd| Jruw dqg Nohsshu +4<;5, ghvfuleh/ dowkrxjk prql0
wruv dqg sulqwhuv kdyh qrw |hw uhdfkhg wkh vkdnhrxw vwdjh1 Wkh dqdo|vlv frpsduhv wkh hduo|
dxwrpreloh lqgxvwu| wr wkh irxu uhfhqw plfurhohfwurqlfv lqgxvwulhv1 Wkh prgho fdq eh hvwl0
pdwhg xvlqj dq| lqgxvwu| dv orqj dv gdwd rq ￿up qxpehuv/ sulfh/ txdqwlw|/ dqg d phdvxuh
ri txdolw| duh dydlodeoh1 Ri wkhvh gdwd/ w|slfdoo| wkh phdvxuh ri txdolw| lv wkh prvw gl!fxow
wr rewdlq/ dqg wkh gl!fxow| ri rewdlqlqj vxfk d phdvxuh iru rwkhu surgxfwv olplwv wkh vfrsh
ri wklv vwxg|1 Wkh gdwd lv glvfxvvhg lq wkh iroorzlqj vxevhfwlrq1
Iljxuhv 408 khuh
Wkh hvwlpdwlrq uhvxowv vkrz wkdw w|slfdoo| txdolw| lpsuryhv/ wkh yduldeoh0frvw ixqfwlrq
vkliwv grzq dqg ￿{hg frvwv ulvh dv dq lqgxvwu| hyroyhv1 Krzhyhu/ wkh hvwlpdwhg udwhv ri
fkdqjh lq txdolw| dqg wkh frvw ixqfwlrq ydu| e| vwdjh ri wkh olih f|foh dqg e| lqgxvwu|1
Wkh dxwrpreloh lqgxvwu| hyroyhv dv Xwwhuedfn dqg Dehuqdwk| +4<:8, dqg Nohsshu +4<<9,
ghvfuleh= wkh hvwlpdwhg udwh ri txdolw| fkdqjh lv kljkhvw hduo| rq zkhq ￿up qxpehuv duh
ulvlqj dqg wkh hvwlpdwhg udwh ri frvw0ixqfwlrq fkdqjh lv kljkhvw odwhu rq1 Wkh rwkhu lqgxvwulhv
6ghsduw iurp wklv sdwwhuq lq vhyhudo zd|v exw wkh prvw glvwlqfwlyh gl￿huhqfh lv wkdw wkh udwh
ri txdolw| fkdqjh whqgv wr ulvh dv wkh lqgxvwulhv hyroyh udwkhu wkdq idoo1 Wklv vxjjhvwv wkdw
wkh rssruwxqlwlhv iru lqqrydwlrq lq prghuq kljk0whfk lqgxvwulhv pd| hyroyh lq v|vwhpdwlfdoo|
gl￿huhqw zd|v iurp suhylrxv rqhv1
Wkh uhvxowv kljkoljkw wkh lpsruwdqfh ri olqnlqj lqqrydwlrq wr sur￿wdelolw|1 Wkh uhvxowv
vkrz wkdw ghwhuplqlqj wkh udwh ri lqqrydwlrq gxulqj d shulrg lv qrw vx!flhqw iru ghwhuplqlqj
wkh sur￿wdelolw| ri lqqrydwlqj gxulqj wkh shulrg= wkh udwhv ri fkdqjh lq txdolw| dqg frvw
lqwhudfw zlwk wkh ohyhov ri txdolw| dqg frvw wr ghwhuplqh sur￿wdelolw|1 Iru h{dpsoh/ lq wkh
dxwrpreloh lqgxvwu|/ hyhq wkrxjk wkh hvwlpdwhg udwh ri txdolw| fkdqjh lv kljkhvw hduo| rq/
wkh hvwlpdwhg sur￿wdelolw| ri lpsurylqj txdolw| lv kljkhvw odwh lq wkh olih f|foh/ zkhq ￿upv
duh odujhu dqg pruh fdsdeoh ri h{sorlwlqj d jlyhq txdolw| dgydqwdjh1
4141 Gdwd Vrxufhv dqg Phwkrg
Vshqfh +4<;7, kdv dujxhg wkdw txdolw| lpsuryhphqwv duh irupdoo| lqglvwlqjxlvkdeoh iurp frvw
lpsuryhphqwv/ dqg li wkh xqlw ri dqdo|vlv lv vhuylfhv surylghg udwkhu wkdq txdqwlw| sxufkdvhg
klv dujxphqw lv fruuhfw1 Krzhyhu/ wkh gdwd xvhg khuh phdvxuh txdqwlw|/ sulfh shu xqlw ri
rxwsxw/ dqg vhuylfhv surylghg e| hdfk xqlw ri rxwsxw +txdolw|, vhsdudwho|1 Wklv pdnhv lw
srvvleoh wr glvwlqjxlvk ehwzhhq txdolw| lpsuryhphqwv wkdw vkliw wkh ghpdqg fxuyh dqg frvw
uhgxfwlrqv wkdw orzhu sulfh dqg fdxvh pryhphqwv dorqj wkh ghpdqg fxuyh1 Ilup qxpehuv
duh dovr xvhg lq wkh hvwlpdwlrq urxwlqh1 Lq hyhu| fdvh/ wkh gdwd ghvfuleh pdqxidfwxuhuv dqg
h{foxgh uhodwhg frpsrqhqw surgxfhuv/ vriwzduh ￿upv/ dqg vhuylfh surylghuv1
Doo ri wkh gdwd lv lqgxvwu|0ohyho gdwd wkdw ghvfulehv wkh Dphulfdq pdunhw1 Wkh uholdqfh
rq lqgxvwu|0ohyho gdwd kdv vrph zhdnqhvvhv1 Iru h{dpsoh/ fkdqjhv lq wkh vnhzqhvv ri wkh
￿up vl}h glvwulexwlrq duh qrw xvhg wr hvwlpdwh wkh sdudphwhuv1 Wklv d￿hfwv wkh uhvxowv ehorz
0 wkh uhvxowv gr qrw wudfn vshfl￿f ￿upv/ rqo| lqgxvwu|0ohyho wuhqgv1 Hyhq lqgxvwu|0ohyho gdwd
lv vrphzkdw gl!fxow wr rewdlq/ dqg qrw doo ri wkh gdwd lv dydlodeoh hyhu| |hdu1
Wkh dxwrpreloh txdolw| vhulhv lv ghulyhg iurp wkh txdolw| fkdqjhv frpsxwhg e| Ud￿ dqg
Wudmwhqehuj +4<<:,1 Wkh glvn gulyh txdolw| vhulhv lv hvwlpdwhg xvlqj wkh dyhudjh duhdo ghqvlw|
ri doo prghov surgxfhg hdfk |hdu/ edvhg rq gdwd iurp wkh Glvn2Wuhqg Uhsruw/ Uljlg Glvn
Gulyhv1 Wkh duhdo ghqvlw| phdvxuhv krz pxfk lqirupdwlrq fdq eh vwruhg rq d vtxduh lqfk ri
7glvn dqg kdv orqj ehhq frqvlghuhg wr eh wkh vwdqgdug phdvxuh ri glvn gulyh txdolw|1
Iru shuvrqdo frpsxwhuv/ prqlwruv/ dqg sulqwhuv/ wkh iroorzlqj lghqwlw| lv xvhg wr frqvwuxfw









zkhuh ￿| dqg ￿|n￿ uhsuhvhqw dfwxdo lqgxvwu| sulfhv/
￿rE|n￿￿
￿r| uhsuhvhqwv zkdw wkh lqgxvwu| sulfh
udwlr zrxog eh li txdolw| glg qrw fkdqjh ehwzhhq shulrg | dqg shulrg | n￿ c dqg ￿|n￿ dqg
￿| uhsuhvhqw dyhudjh txdolwlhv￿ Wkh sulfh udwlr lv h{suhvvhg dv d frqvwdqw0txdolw| sulfh udwlr
pxowlsolhg e| d txdolw| udwlr1 Wkh r!fldo lqgh{hv xvhg e| wkh Exuhdx ri Hfrqrplf Dqdo|vlv
zhuh xvhg wr frqvwuxfw frqvwdqw0txdolw| sulfh udwlrv1 Txdolw| udwlrv zhuh frqvwuxfwhg e|
glylglqj wkh dfwxdo sulfh udwlrv e| wkh frqvwdqw0txdolw| sulfh udwlrv1
Lw zrxog eh srvvleoh wr xvh wkh txdolw| vhulhv wr hvwlpdwh wkh udwhv ri txdolw| fkdqjh
gluhfwo|1 Krzhyhu/ wkh jrdo ri wklv sdshu lv wr hvwlpdwh frvw fkdqjhv dv zhoo dv txdolw| fkdqjhv
dqg wr olqn erwk wr fkdqjhv lq ￿up qxpehuv/ sulfh/ txdqwlw|/ lqyhvwphqw/ dqg sur￿w ryhu wkh
olih f|foh1 Wkh udwh ri frvw lpsuryhphqw frxog eh urxjko| dssur{lpdwhg xvlqj wkh udwh ri
sulfh uhgxfwlrq exw dv vkrzq ehorz glvwlqjxlvklqj ehwzhhq yduldeoh dqg ￿{hg frvwv uhtxluhv
dgglwlrqdo lqirupdwlrq1 Ixuwkhu/ olqnlqj wkh hvwlpdwhg txdolw| dqg frvw lpsuryhphqwv wr
lqyhvwphqw dqg sur￿w uhtxluhv wkh vwuxfwxudo prgho ghyhorshg lq wkh qh{w vhfwlrq1
Ilup qxpehuv/ sulfh/ dqg txdqwlw| lq wkh dxwrpreloh lqgxvwu| duh iurp Wkrpdv +4<::,1
Wkh dqdo|vlv ri wkh dxwrpreloh lqgxvwu| vwrsv lq 4<5< iru wzr uhdvrqv1 Iluvw/ wkh lqgxvwu|
hqwhuhg pdwxulw| lq wkh odwh 4<53*v1 Vhfrqg/ wkh Juhdw Ghsuhvvlrq ehjdq lq wkh 4<63*v dqg
fdxvhg gudpdwlf fkdqjhv lq sulfh/ txdqwlw|/ dqg ￿up qxpehuv1 Lvrodwlqj wkh lpsdfw ri wkh
ghsuhvvlrq rq wkh dxwrpreloh lqgxvwu| lv eh|rqg wkh vfrsh ri wklv vwxg|1
Ilup qxpehuv lq wkh uljlg glvn gulyh lqgxvwu| duh iurp wkh Glvn2Wuhqg Uhsruw/ Uljlg Glvn
Gulyhv1 Ilup qxpehuv lq wkh shuvrqdo frpsxwhu lqgxvwu| duh iurp Vwdylqv +4<<8, dqg wkh
Wkrpdv Uhjlvwhu ri Dphulfdq Pdqxidfwxuhuv1 Wkh gdwd lqfoxghv ghvnwrs dqg sruwdeoh frp0
sxwhuv1 Ilup qxpehuv lq wkh rwkhu wkuhh lqgxvwulhv duh iurp wkh Wkrpdv Uhjlvwhu ri Dphu0
lfdq Pdqxidfwxuhuv1 Sulfh dqg txdqwlw| lqirupdwlrq iru shuvrqdo frpsxwhuv/ glvn gulyhv/
prqlwruv/ dqg sulqwhuv lv iurp wkh Lqirupdwlrq Whfkqrorj| Lqgxvwu| Gdwd Errn1 Wkh sulfh lv
8dyhudjh vxjjhvwhg uhwdlo olvw sulfh/ xqdgmxvwhg iru lq dwlrq1 Doo ri wkh sulfh vhulhv duh gh dwhg
xvlqj wkh FSL1
Lq wkh prgho doo hqwudqwv duh surgxfhuv wkdw duh fdsdeoh ri vklsslqj lq txdqwlw|1 Krzhyhu/
dv Fduuroo dqg Kdqqdq +5333, kdyh qrwhg/ vrph ri wkh ￿upv olvwhg lq lqgxvwu| gluhfwrulhv
pd| eh suhsurgxfhuv 0 qhz ￿upv wkdw fdqqrw |hw vkls lq txdqwlw|1 Doo ri wkh vrxufhv xvhg
khuh dwwhpsw wr h{foxgh ru lghqwli| ￿upv wkdw duh qrw fdsdeoh ri vklsslqj lq txdqwlw| dqg
rqo| wkrvh ￿upv ghhphg fdsdeoh duh lqfoxghg lq wkh dqdo|vlv ehorz14
Lq dgglwlrq wr wkh deryh gdwd/ vrph lqirupdwlrq rq wkh qxpehuv ri wkh ydulrxv w|shv
ri kljk0whfk ￿upv lq hdfk pdunhw zdv rewdlqhg xvlqj d ydulhw| ri vrxufhv lqfoxglqj wkh
Glvn2Wuhqg Uhsruw/ Uljlg Glvn Gulyhv/ Gruipdq +4<;:,/ Wkh Pdunhw Vkduh Uhsruwhu/ Vwdq0
gdug dqg Srru*v Lqgxvwu| Vxuyh|v/ dqg Wkrpdv +4<::,1
Ehfdxvh wkh gdwd lv dqqxdo/ wkh hvwlpdwhg txdolw| lpsuryhphqwv duh pdgh xs ri doo wkh
txdolw| lpsuryhphqwv wkdw rffxu ryhu hdfk |hdu/ dqg wkh hvwlpdwhg frvw lpsuryhphqwv duh
gh￿qhg vlploduo|1
51 Wkh Prgho
Wkh prgho ghvfulehv wkh hyroxwlrq ri d vlqjoh lqgxvwu| lq d iudphzrun zlwk glvfuhwh wlph/
dq lq￿qlwh krul}rq/ dqg d frqwlqxxp ri ￿upv1 Wkh lqgxvwu| kdv d txdolw| odgghu dqg d frvw
odgghu/ dqg wkh vkdshv ri hdfk ghwhuplqh wkh pdjqlwxgh ri wkh dydlodeoh lqqrydwlrqv hdfk
shulrg1 Wkh vkdshv ri hdfk odgghu duh nqrzq dqg ￿{hg1 Wklv lpsolhv wkdw ￿upv fdqqrw
lq xhqfh wkh gluhfwlrq ri whfkqrorjlfdo fkdqjh1 Lqvwhdg/ hdfk shulrg hdfk ￿up lqyhvwv lq dq
dwwhpsw wr eh d ohdghu rq hdfk odgghu/ dqg wkh suredelolw| ri vxffhvv lv d udqgrp ixqfwlrq
ri lqyhvwphqw15 Wkh txdolw| dqg frvw odgghuv dqg wkh suredelolw|0ri0vxffhvv ixqfwlrqv duh
4Fduuroo dqg Kdqqdq ghvfuleh suhsurgxfhuv lq wkh hduo| dxwrpreloh lqgxvwu| dqg hvwdeolvk wkdw wkhuh
zhuh dozd|v odujh qxpehuv ri vxfk ￿upv1 Lq wkh prgho khuh suhsurgxfhuv zrxog eh srwhqwldo hqwudqwv1
5Qrwh wkdw wkhvh dvvxpswlrqv uxoh rxw dq hqylurqphqw lq zklfk ￿upv pljkw fkrrvh dprqj vhyhudo srvvleoh
sdwkv ri lqqrydwlrq dqg lq xhqfh wkh pdjqlwxgh ri wkh uhvxowlqj lpsuryhphqwv1 Wkh dvvxpswlrqv ￿w ehvw lq
fdvhv olnh wkh iroorzlqj= Vxssrvh wkdw Lqwho ghyhorsv d qhz fkls1 Iurp d shuvrqdo frpsxwhu pdqxidfwxuhu*v
srlqw ri ylhz/ wkh lpsuryhphqw lq surfhvvlqj srzhu lv h{rjhqrxv +lw lv ghwhuplqhg e| wkh fkls,1 Wdnlqj wkh
pdjqlwxgh ri wkh lpsuryhphqw dv jlyhq/ SF pdqxidfwxuhuv lqyhvw lq dq dwwhpsw wr eh dprqj wkh ￿uvw wr
lqfrusrudwh Lqwho*v qhz fkls lqwr wkhlu pdfklqhv1
Fohduo| qrw doo lqqrydwlrq lv ri wklv w|sh/ dqg lw zrxog eh lqwhuhvwlqj wr h{whqg wkh prgho wr hqgrjhql}h
wkh sdwk ri lqqrydwlrq1 Krzhyhu/ jlyhq wkdw wklv vwxg| uholhv rq lqgxvwu|0ohyho djjuhjdwhg gdwd/ hpslulfdoo|
9froohfwlyho| uhihuuhg wr dv wkh lqgxvwu|*v ￿whfkqrorjlfdo rssruwxqlwlhv1￿
Glvhqwdqjolqj txdolw| dqg frvw fkdqjhv lv fkdoohqjlqj ehfdxvh lq uhdolw| wkh wzr w|shv
ri fkdqjhv riwhq rffxu wrjhwkhu1 Xvlqj vhsdudwh odgghuv iru txdolw| dqg frvw glvwlqjxlvkhv
wkh sur￿wdelolw| ri txdolw| dqg frvw lqqrydwlrqv/ exw ghfrpsrvlqj lqqrydwlrq wklv zd| kdv
hpslulfdo lpsolfdwlrqv= li lpsurylqj txdolw| w|slfdoo| uhtxluhv dffhswlqj kljkhu frvwv dqg
uhgxflqj frvwv uhtxluhv vdful￿flqj txdolw| wkhq wkh hvwlpdwlrq uhvxowv uhsruwhg ehorz ryhuvwdwh
wkh sur￿wdelolw| ri lpsuryhphqwv ri hdfk w|sh ehfdxvh wkh prgho ljqruhv wkhvh dgyhuvh h￿hfwv1
Li rq wkh rwkhu kdqg lpsurylqj txdolw| lv dvvrfldwhg zlwk orzhu frvwv/ dv zkhq xvlqj ihzhu
frpsrqhqwv lpsuryhv surgxfw uholdelolw| dqg frvwv/ wkhq wkh h￿hfwv rq sur￿w dqg lqyhvwphqw
duh lq wkh rwkhu gluhfwlrq1 Txdqwli|lqj wkh pdjqlwxgh ri wkhvh w|shv ri h￿hfwv lv qrw srvvleoh
xvlqj wkh dydlodeoh gdwd1
Wzr dgglwlrqdo dvvxpswlrqv vlpsoli| frpsxwdwlrqv1 Iluvw/ doo ri wkh iroorzhuv fdwfk xs
wr wkh ohdghuv rq hdfk odgghu dw wkh hqg ri hdfk shulrg1 Wklv dvvxpswlrq lpsolhv wkdw
wkh gl￿xvlrq ri txdolw| dqg frvw fkdqjhv wdnhv rqh shulrg1 Vhfrqg/ rewdlqlqj d ohdghuvkls
srvlwlrq rq d odgghu lq rqh shulrg grhv qrw jlyh wkh ￿up dq dgydqwdjh lq lqqrydwlqj lq ixwxuh
shulrgv= doo ￿upv kdyh dffhvv wr wkh vdph suredelolw|0ri0vxffhvv ixqfwlrq uhjdugohvv ri wkhlu
fxuuhqw whfkqrorj|1 Dv ghvfulehg lq ghwdlo ehorz/ wklv lpsolhv wkdw lq htxloleulxp doo ￿upv
lqyhvw wkh vdph dprxqw lq hdfk w|sh ri lqqrydwlrq hdfk shulrg dqg wkdw vrph iroorzhuv fdq
ohdsiurj wkh fxuuhqw ohdghuv wr ehfrph ohdghuv wkh iroorzlqj shulrg1 Wkh wzr dvvxpswlrqv
wrjhwkhu lpso| wkdw wkhuh lv qr jdlq wr ehlqj dq lplwdwru zkr dozd|v iroorzv/ dv lq Qhovrq
+4<;;, dqg Hhfnkrxw dqg Mrydqrylf +4<<;,1
Wkh hyroxwlrq ri wkh lqgxvwu| surfhhgv dv iroorzv1 Lqlwldoo|/ doo ￿upv duh rq wkh ￿uvw uxqj
rq hdfk odgghu/ vr doo kdyh wkh vdph surgxfw txdolwlhv dqg frvw ixqfwlrqv1 Lq wkh ￿uvw shulrg/
￿upv fdq lqyhvw lq dq dwwhpsw wr pryh xs wr wkh vhfrqg uxqj rq hdfk odgghu1 Wkrvh wkdw
duh vxffhvvixo pryh wr wkh vhfrqg uxqj lq wkh vhfrqg shulrg/ zkloh wkrvh wkdw idlo dqg qhz
hqwudqwv uhpdlq rq wkh ￿uvw uxqj1 Lq wkh vhfrqg shulrg/ dqg lq hdfk vxevhtxhqw shulrg/
wkhuh duh wzr uhohydqw uxqjv rq hdfk odgghu 0 d uxqj iru ohdghuv +￿upv wkdw lqqrydwhg lq
wkh suhylrxv shulrg, dqg d uxqj iru iroorzhuv +￿upv wkdw glg qrw lqqrydwh lq wkh suhylrxv
lw lv qrw srvvleoh wr vruw ￿upv rqwr gl￿huhqw sdwkv1 Wkhuhiruh/ h{sorulqj pxowlsoh sdwkv ri lqqrydwlrq zrxog
uhtxluh dgglwlrqdo gdwd dv zhoo dv dq h{whqghg prgho1
:shulrg,1 Lq wkh vhfrqg shulrg/ ￿upv fdq lqyhvw lq dq dwwhpsw wr pryh xs wr wkh wklug uxqj
rq hdfk odgghu1 Wkrvh wkdw duh vxffhvvixo duh rq wkh wklug uxqj lq wkh wklug shulrg/ zkloh
wkrvh wkdw idlo dqg qhz hqwudqwv duh rq wkh vhfrqg uxqj1 Erwk wkh ohdghu dqg wkh iroorzhu
uxqjv lqfuhdvh e| rqh hdfk shulrg +diwhu wkh ￿uvw,/ vr wkh iroorzhuv fdwfk xs wr wkh iruphu
ohdghuv/ exw wkh qhz ohdghuv frqwlqxh wr eh rqh uxqj dkhdg1 Lq shulrg |c ohdghuv duh rq uxqj
| dqg iroorzhuv duh rq uxqj | ￿￿￿
Ilup qxpehuv/ sulfh/ dqg txdqwlw| ghshqg rq wkh lqgxvwu|*v whfkqrorjlfdo rssruwxqlwlhv1
Wkh ohyhov ri txdolw| dqg frvw lqwhudfw zlwk wkh udwhv ri fkdqjh lq hdfk wr ghwhuplqh wkh sur￿wv
ri ￿upv zlwk dgydqwdjhv1 Rwkhu wklqjv htxdo/ shulrgv ri odujh lpsuryhphqwv lq txdolw| ru
frvw fuhdwh kljk sur￿wv wkdw ohdg wr lqfuhdvhg lqyhvwphqw1 Shulrgv ri orz lpsuryhphqwv ohdg
wr ohvv lqyhvwphqw1 Wkh prgho dovr doorzv ￿upv wr h{shulhqfh h{rjhqrxv txdolw| uhgxfwlrqv
ru frvw lqfuhdvhv1 Ri frxuvh/ lq htxloleulxp ￿upv gr qrw lqyhvw lq vxfk txdolw| dqg frvw
fkdqjhv1 Lq wklv fdvh/ doo ￿upv duh iroorzhuv/ exw lw lv dvvxphg wkdw iroorzhuv frqwlqxh wr
pryh xs d uxqj hdfk shulrg vr wkh lqgxvwu| frqwlqxhv wr hyroyh1
5141 Wkh Ilup*v Sureohp dqg Pdunhw Vxsso|
Hdfk shulrg | hdfk ￿up ghflghv zkhwkhu wr eh lq wkh lqgxvwu| ru qrw1 D ￿up lq wkh lqgxvwu|
lq shulrg | fkrrvhv d txdolw|0frvw frpelqdwlrq/ dq rxwsxw/ dqg krz pxfk wr lqyhvw lq txdolw|
dqg frvw lpsuryhphqwv1 Iru qrz/ wdnh wkh ￿up*v txdolw|0frvw frpelqdwlrq dv jlyhq dqg
vxssuhvv wkh ￿up w|sh dqg | qrwdwlrq1
D ￿up fkrrvhv lwv rxwsxw e| pd{lpl}lqj sur￿wv wdnlqj wkh sulfh lw idfhv dv jlyhq1 Ohw
sur￿wv ZE￿c@cs￿ eh gh￿qhg dv
ZE￿c@cs￿’4 @  
^ RE￿￿^ ￿ SE@c^￿ ￿ sc +514,
zkhuh ￿ lv wkh ￿up*v surgxfw txdolw| +d ohyho ri vhuylfhv shu xqlw ri rxwsxw,/ @ lv wkh ￿up*v
yduldeoh frvw sdudphwhu/ s lv wkh ￿up*v ￿{hg frvw/ RE￿￿ lv wkh sulfh wkh ￿up idfhv/ dqg ^ lv
rxwsxw￿ Dvvxph wkdw SE@c^￿ lv vwulfwo| lqfuhdvlqj dqg vwulfwo| frqyh{ lq ^c wkdw SE@cf ￿’f c
dqg wkdw zkhq @ ghfuhdvhv/ wkh pdujlqdo0frvw fxuyh vkliwv grzq1 Wkh dvvxpswlrqv rq wkh
frvw ixqfwlrq hqvxuh wkdw wkh qxpehu ri ￿upv lq wkh pdunhw lv dozd|v srvlwlyh e| hqvxulqj
;wkdw d ￿up*v vl}h hdfk shulrg lv olplwhg e| lwv surfhvv whfkqrorj|1 Wkh lqwhusuhwdwlrq ri ￿{hg
frvwv lv vwdqgdug 0 wkh| lqfoxgh sodqw dqg htxlsphqw uhqwdo frvwv dqg rwkhu rssruwxqlw|
frvwv￿ Ilupv lq wkh prgho gl￿hu rqo| e| wkhlu ￿c @c dqg s sdudphwhuv1
D ￿up fkrrvhv lwv lqyhvwphqwv lq txdolw| dqg frvw lpsuryhphqwv e| pd{lpl}lqj lwv ydoxh1
Dgydqflqj rq wkh txdolw| odgghu fkdqjhv txdolw| E￿￿/ dqg dgydqflqj rq wkh frvw odgghu
fkdqjhv wkh yduldeoh dqg ￿{hg frvw frpelqdwlrq E@ dqg s￿￿6 Vlqfh wkh vkdsh ri hdfk odgghu lv
ghwhuplqhg h{rjhqrxvo|/ d ￿up*v lqyhvwphqwv gr qrw d￿hfw wkh pdjqlwxgh ri wkh lpsuryhphqw
lw rewdlqv1 Lqvwhdg/ hdfk ￿up*v lqyhvwphqwv d￿hfw lwv suredelolw| ri ehfrplqj d ohdghu wkh
iroorzlqj shulrg1 Ghqrwh d ￿up*v lqyhvwphqwv lq txdolw| dqg frvw lpsuryhphqwv e| %^ dqg
%Sc uhvshfwlyho|/ dqg suredelolwlhv ri vxffhvv e| b^E%^￿ dqg bSE%S￿￿ Dvvxph wkdw b￿Ef ￿’f c
b￿E%￿￿ lv vwulfwo| lqfuhdvlqj/ frqfdyh/ gl￿huhqwldeoh/ dqg wkdw b
￿
￿Ef￿ ’ 4 iru ￿ ’ ^cS1 Wkhvh
surshuwlhv lpso| wkdw lqyhvwphqw lv qhfhvvdu| lq rughu wr lqqrydwh/ wkh suredelolw| ri vxffhvv
lv lqfuhdvlqj lq lqyhvwphqw/ wkhuh duh glplqlvklqj pdujlqdo uhwxuqv wr lqyhvwphqw/ dqg wkh
pdujlqdo uhwxuq wr lqyhvwphqw lv lq￿qlwh zkhq lqyhvwphqw lv 31 Wkh odvw dvvxpswlrq hqvxuhv
dq lqwhulru vroxwlrq/ dv orqj dv lqqrydwlqj lv sur￿wdeoh1 Wkh ixqfwlrqv b^E￿￿ dqg bSE￿￿ duh wkh
vdph iru doo ￿upv/ dqg duh uhihuuhg wr dv wkh lqyhvwphqw whfkqrorj| ehorz1
Ilupv wkdw vxffhvvixoo| lqqrydwh rewdlq hlwkhu d txdolw| dgydqwdjh/ d frvw dgydqwdjh/
ru erwk/ wkdw odvwv iru rqh shulrg1 Diwhu wkdw/ wkh lpsuryhphqw lv dydlodeoh wr hyhu| ￿up1
Wkhuhiruh/ lq hyhu| shulrg diwhu wkh ￿uvw wkhuh duh ￿yh w|shv ri ￿upv= ￿upv wkdw kdyh erwk d
txdolw| dqg frvw dgydqwdjh/ ￿upv wkdw rqo| kdyh rqh ru wkh rwkhu/ h{lvwlqj ￿upv wkdw kdyh
qr dgydqwdjh/ dqg qhz hqwudqwv/ zkr e| dvvxpswlrq kdyh qr dgydqwdjh1 Ehorz/ ￿upv lq
wkh ￿uvw wkuhh jurxsv duh fdoohg kljk0whfk ￿upv/ dqg ￿upv lq wkh odvw wzr jurxsv duh fdoohg
orz0whfk ￿upv1 Lq rughu wr uhpdlq d kljk0whfk ￿up/ d ￿up kdv wr vxffhvvixoo| lqqrydwh
hdfk shulrg1 Orz0whfk ￿upv fdq ehfrph kljk0whfk ￿upv lq wkh iroorzlqj shulrg li wkh| duh
vxffhvvixo dw lqqrydwlqj1
Ehorz/ yduldeohv wkdw uhihu wr ￿upv zlwk erwk txdolw| dqg frvw dgydqwdjhv/ mxvw txdolw|
dgydqwdjhv/ mxvw frvw dgydqwdjhv/ dqg qr dgydqwdjh/ kdyh ^Sc ^c Sc dqg f vxshuvfulswv/ uh0
6Qrwh wkdw lqyhvwphqw lq frvw uhgxfwlrq fdq eh sur￿wdeoh hyhq li rqh frpsrqhqw ri frvw ulvhv dv orqj
dv wkh rwkhu frpsrqhqw idoov hqrxjk1 Wkh hvwlpdwhv uhsruwhg ehorz vxjjhvw wkdw yduldeoh dqg ￿{hg frvw
wudghr￿v rffxu1































| ￿/ exw d ￿up rq d kljkhu uxqj fdq ghflgh wr xvh wkh orz0whfk whfkqrorj|
lqvwhdg1 Wklv dvvxpswlrq hqvxuhv wkdw ehlqj rq d kljkhu uxqj fdqqrw pdnh d ￿up zruvh r￿1
Iru h{dpsoh/ kljk0txdolw| ￿upv/ idflqj d kljkhu sulfh/ kdyh d juhdwhu lqfhqwlyh wr surgxfh d
odujhu txdqwlw|/ dqg wkhuhiruh pljkw uhvlvw dgrswlqj surfhvvhv zlwk kljk yduldeoh frvwv/ hyhq
li orz ￿{hg frvwv duh rewdlqhg1 H{ dqwh/ ￿upv gr qrw nqrz zkhwkhu wkh| zloo rewdlq d txdolw|
dgydqwdjh ru qrw/ vr wkh| vwloo lqyhvw lq erwk w|shv ri lpsuryhphqwv1
Jlyhq d txdolw|0frvw frpelqdwlrq dqg dvvxplqj wkdw wkh ￿up*v rxwsxw lv fkrvhq rswlpdoo|/
wkh ydoxh ixqfwlrq ri d orz0whfk ￿up lv jlyhq e|
T f
| ’ 4@ i4@ %^c%SdZf
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zkhuh B lv d glvfrxqw idfwru1 Wkh ydoxh ri rshudwlqj rxwvlgh wkh lqgxvwu| lv qrupdol}hg wr f￿
Wkhuhiruh/ d ￿up h{lwv li wkh ydoxh ri rshudwlqj lq wkh lqgxvwu| lv qhjdwlyh1
Wkh ydoxh ixqfwlrqv ri wkh kljk0whfk ￿upv gl￿hu iurp T f
| e| fxuuhqw sur￿wv/ exw duh
rwkhuzlvh lghqwlfdo1 Vlqfh doo ￿upv kdyh wkh vdph ixwxuh rssruwxqlwlhv dqg lqyhvwphqw whfk0
qrorjlhv/ doo ￿upv lqyhvw wkh vdph dprxqwv lq hdfk w|sh ri lqqrydwlrq1
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43zkhuh hdfk w|sh ri ￿up*v txdqwlw| lv zhljkwhg e| lwv txdolw| ohyho1
5151 Wkh Frqvxphu*v Sureohp dqg Pdunhw Ghpdqg
Dvvxph wkdw frqvxphuv ydoxh vhuylfhv surylghg e| jrrgv/ zkhuh wkh ohyho ri vhuylfhv surylghg
e |dt x d q w l w |l vj l y h qe |r ’ ￿^ +hdfk xqlw ri rxwsxw lv zhljkwhg e| lwv txdolw|,1 Jlyhq wklv
dvvxpswlrq/ jrrgv duh shuihfw vxevwlwxwhv lq surylglqj vhuylfhv/ vr ghpdqg lv d ixqfwlrq ri
sulfh shu xqlw ri txdolw|1 Li frqvxphuv duh zloolqj wr ex| doo txdolw| w|shv lq hyhu| shulrg/

























Ghqrwh wkh pdunhw ghpdqg iru vhuylfhv e| (E
￿|
R|￿c zkhuh (E￿￿ lv dq lqfuhdvlqj ixqfwlrq ri
￿|
R|c
wkh frpprq txdolw|0sulfh udwlr17
5161 Htxloleulxp
Lq htxloleulxp ￿upv hqwhu ru h{lw dqg fkrrvh wkhlu txdolw|0frvw frpelqdwlrqv/ txdqwlwlhv
dqg lqyhvwphqwv rswlpdoo|/ dqg frqvxphuv fkrrvh wkhlu txdqwlwlhv rswlpdoo|1 Wkh iroorzlqj






























Rswlpdo hqwu| dqg h{lw ri orz0whfk ￿upv lpsolhv wkdw T f
| ’ f iru doo |￿ Wkh rxwvlgh rswlrq
hqvxuhv wkdw T f
| fdqqrw eh qhjdwlyh/ dqg iuhh hqwu| lpsolhv wkdw d orz0whfk ￿up*v sd|r￿ lq
wkh lqgxvwu| fdqqrw eh srvlwlyh lq htxloleulxp1 Li orz0whfk ￿upv duh lq wkh pdunhw hyhu|
shulrg/ wkhq wkh ydoxh ri rshudwlqj d orz0whfk ￿up lq wkh lqgxvwu| lv 3 hyhu| shulrg1 Wkh
uhpdlqghu ri wkh sdshu irfxvhv rq wklv fdvh1





t,> zkhuh P lv lqfrph dqg ￿ lv d khwhurjhqhrxv wdvwh sdudphwhu1 Jlyhq sulfhv dqg txdol0
wlhv/ wkhuh lv d ydoxh ri ￿ vxfk wkdw frqvxphuv zlwk d orzhu ydoxh ri ￿ sxufkdvh qrwklqj1 Wkxv/ qhz pdunhw
vhjphqwv fdq hphujh dv sulfh gursv dqg txdolw| lpsuryhv1
445171 Lghqwli|lqj Lqqrydwlrq Xvlqj Lqgxvwu| Ohyho Gdwd
Lq rughu wr hvwlpdwh sdwwhuqv lq txdolw| dqg frvw lqqrydwlrqv wkh prgho pxvw eh fdsdeoh ri
lghqwli|lqj wkh w|shv ri lqqrydwlrq wkdw rffxu xvlqj lqgxvwu|0ohyho gdwd1 Lqghshqghqw txdolw|
phdvxuhv duh xvhg wr khos hvwlpdwh wkh txdolw| odgghuv vr wkh pdlq sureohp lv glvwlqjxlvklqj
ehwzhhq yduldeoh dqg ￿{hg frvw fkdqjhv1 Wr hvwdeolvk wkdw wkh prgho fdq gr wklv dqg wr
foduli| wkh lpsdfwv ri wkh gl￿huhqw w|shv ri lqqrydwlrq rq lqgxvwu| revhuydeohv/ d vhulhv
ri dqdo|wlfdo uhvxowv lv suhvhqwhg lq Wdeoh 4/ zlwk irupdo surriv surylghg lq Dsshqgl{ D￿
Wkh surriv hpsor| vhyhudo vlpsoli|lqj dvvxpswlrqv wkdw lvrodwh wkh h￿hfwv ri hdfk w|sh ri
lqqrydwlrq rq revhuydeohv1
Wdeoh 4 khuh
Wkh h￿hfwv lq Wdeoh 4 rffxu diwhu dq lpsuryhphqw kdv gl￿xvhg wr doo ri wkh ￿upv lq wkh
lqgxvwu|1 Iru h{dpsoh/ ￿upv zlwk d txdolw| lpsuryhphqw lqlwldoo| idfh d kljkhu sulfh wkdq
￿upv zlwkrxw lw ehfdxvh wkh| kdyh d kljkhu0txdolw| surgxfw/ exw diwhu rqh shulrg wkh txdolw|
lpsuryhphqw vsuhdgv wr doo h{lvwlqj ￿upv dqg srwhqwldo hqwudqwv1 Ilup hqwu| fdxvhv sulfh wr
idoo1 Wkh uhvxow lv wkdw wkh sulfh prvw ￿upv idfh lv ghwhuplqhg e| wkh frvw sdudphwhuv> rqo|
￿upv wkdw kdyh rewdlqhg wkh qh{w txdolw| lpsuryhphqw idfh d kljkhu sulfh1
Wdeoh 4 surylghv lqvljkw lqwr krz wkh prgho lghqwl￿hv sdwwhuqv lq txdolw| dqg frvw lqqr0
ydwlrqv lq wkh gdwd1 Iru h{dpsoh/ d idoo lq sulfh pxvw eh gxh wr frvw lqqrydwlrqv/ zkloh dq
lqfuhdvh lq pdunhw txdqwlw| fdq eh gxh wr hlwkhu txdolw| ru frvw lqqrydwlrqv1 Wkhuhiruh/ li
pdunhw txdqwlw| ulvhv zkloh sulfh uhpdlqv urxjko| frqvwdqw/ wkhq txdolw| lpsuryhphqwv duh
olnho| wr eh lpsruwdqw +dowkrxjk fkdqjhv lq wkh yduldeoh dqg ￿{hg frvw pl{ fdq pdwwhu dv
zhoo,1
Wr vhh krz wkh prgho glvwlqjxlvkhv fkdqjhv lq yduldeoh dqg ￿{hg frvwv/ qrwh wkdw wkh
h￿hfwv ri wkh wzr w|shv ri lqqrydwlrq rq txdqwlw| shu ￿up gl￿hu1 Yduldeoh0frvw uhgxfwlrqv
vkliw wkh pdujlqdo frvw fxuyh grzqzdug> txdqwlw| shu ￿up ulvhv1 Il{hg0frvw uhgxfwlrqv fdxvh
sulfh wr idoo +lq rughu wr vdwvli| wkh htxloleulxp frqglwlrq T f
| ’ f,> txdqwlw| shu ￿up idoov1
Wkxv/ li txdqwlw| shu ￿up lq wkh gdwd ulvhv/ wkh prgho vxjjhvwv wkdw hlwkhu yduldeoh frvwv duh
idoolqj ru ￿{hg frvwv duh ulvlqj1 Wkh lqwhudfwlrq ri wkh txdqwlw|0shu0￿up h￿hfwv dqg wkh sulfh
45h￿hfwv ghwhuplqh wkh pdjqlwxgh ri wkh suhglfwhg fkdqjhv lq yduldeoh dqg ￿{hg frvwv1 Iru
h{dpsoh/ li txdqwlw| shu ￿up lq wkh gdwd ulvhv zkloh sulfh idoov gudpdwlfdoo|/ wkhq wkh prgho
vxjjhvwv wkdw erwk yduldeoh dqg ￿{hg frvwv duh idoolqj/ exw li sulfh vwd|v urxjko| frqvwdqw
wkhq wkh prgho vxjjjhvwv yduldeoh frvwv duh idoolqj dqg ￿{hg frvwv duh ulvlqj1
61 Hvwlpdwlrq
Wkh hvwlpdwlrq phwkrg lv vlplodu wr wkdw xvhg e| Mrydqrylf dqg PdfGrqdog +4<<7, dqg lv
ghvfulehg lq ghwdlo lq Dsshqgl{ ￿1 Jlyhq vrph ixqfwlrqdo irupv/ wkh prgho lv vlpxodwhg1
Wlph vhulhv iru ￿up qxpehuv/ sulfh/ txdqwlw|/ dqg dyhudjh txdolw| duh rxwfrphv ri wkh htxl0
oleulxp ri wkh prgho1 E| fkrrvlqj sdudphwhuv ri wkh prgho dssursuldwho|/ lw lv srvvleoh wr
pdnh wkh revhuydeohv wkdw wkh prgho jhqhudwhv iroorz wkh pdlq sdwwhuqv lq wkh revhuydeohv
lq d jlyhq lqgxvwu|1 Wkh hvwlpdwlrq dojrulwkp hvvhqwldoo| shuirupv d fxuyh0￿wwlqj h{huflvh1
Wkh hvwlpdwlrq uhvxowv ryhuvwdwh wkh frqwulexwlrq ri txdolw| dqg yduldeoh dqg ￿{hg frvw
fkdqjhv wr dq lqgxvwu|*v hyroxwlrq ehfdxvh rwkhu idfwruv duh qrw lq wkh prgho +eudqg qdphv
dqg qhwzrun h￿hfwv duh wzr h{dpsohv,1 Krzhyhu/ wkh hvwlpdwlrq uhvxowv vwloo |lhog vrph eurdg
wuhqgv lq txdolw|/ yduldeoh dqg ￿{hg frvwv/ sur￿wv dqg lqyhvwphqwv wkdw vkrxog eh revhuyhg
li wkh irufhv ri wkh prgho duh sduwo| uhvsrqvleoh iru wkh revhuyhg g|qdplfv1 Wkh phwkrg
dvnv/ zkdw grhv wkh prgho vd| wkh sdwwhuqv lq lqqrydwlrq dqg sur￿wv duh lq dq lqgxvwu| wkdw
hyroyhv dv wkh rqh ehlqj vwxglhg kdvB
6141 Ixqfwlrqdo Irupv












Wkh b^E%^￿ ixqfwlrq kdv wkh vdph irup dv bSE%S￿czlwk sdudphwhu k^1
Wkh ghpdqg ixqfwlrq iru vhuylfhv kdv wkh irup


























Wkh frvw dqg txdolw| odgghuv duh vshfl￿hg xvlqj  h{leoh ixqfwlrqdo irupv wkdw gl￿hu e|
lqgxvwu|1 Wkh surfhvvhv nhhs wudfn ri wkh txdolw| dqg frvw sdudphwhuv dydlodeoh wr orz0whfk
￿upv hdfk shulrg diwhu wkh ￿uvw +￿f
|c@f
|/ sf
| ,1 Uhfdoo wkdw ohdghuv hdfk shulrg duh rqh uxqj
dkhdg rq wkhvh odgghuv1 Wkh dprxqw ri  h{lelolw| uhtxluhg iru hdfk odgghu lv ghwhuplqhg e|
wkh jrdo ri ghvfulelqj wkh pdlq wuhqgv lq ￿up qxpehuv/ sulfh/ txdqwlw|/ dqg txdolw|1 Olnhol0
krrg udwlr whvwv zhuh xvhg wr ghwhuplqh wkh ghjuhh ri  h{lelolw| uhtxluhg lq hdfk lqgxvwu|18
Dv dq h{dpsoh/ lq wkh dxwrpreloh lqgxvwu| wkh iroorzlqj ixqfwlrqdo irupv duh xvhg=
￿
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Wkh ixqfwlrqdo irupv iru wkh rwkhu lqgxvwulhv duh vlplodu/ dqg iru wkh vdnh ri euhylw| wkh|
duh rplwwhg1 Wkh glvfxvvlrq ehorz irfxvhv rq wkh hvwlpdwhg fkdqjhv lq @f
|c sf
| c dqg ￿f
| lq wkh
gl￿huhqw lqgxvwulhvc dqg qrw rq wkh ydoxhv wdnhq e| wkh ydulrxv ￿￿ dqg K￿ sdudphwhuv1
71 Hpslulfdo Uhvxowv
Hvwlpdwlrq uhvxowv iru wkh ￿yh lqgxvwulhv duh looxvwudwhg lq Iljxuhv 90581 Wkhuh duh irxu
￿jxuhv iru hdfk lqgxvwu|1 Lq wkh ￿uvw wzr/ doo ri wkh vhulhv duh qrupdol}hg wr olh ehwzhhq 3
8Wkh irupdo whvwlqj surfhgxuh vwduwv zlwk d vlpsol￿hg yhuvlrq ri wkh prgho zlwk qr lqyhvwphqw1 Ixqfwlrqdo
irupv wkdw dsshdu wr eh vx!flhqwo|  h{leoh wr h{sodlq wkh revhuyhg sdwwhuqv lq ￿up qxpehuv/ sulfh/ txdqwlw|/
dqg txdolw| duh fkrvhq1 Wkhq olnholkrrg udwlr whvwv duh xvhg wr ghwhuplqh zkhwkhu dgglqj ru uhprylqj
sdudphwhuv pdnhv d vwdwlvwlfdoo| vljql￿fdqw gl￿huhqfh lq wkh ￿w1 Wkh vlpsol￿hg yhuvlrq ri wkh prgho lv xvhg
wr shuirup wkh whvwv ehfdxvh lw frpsxwhv pxfk idvwhu wkdq wkh frpsohwh prgho1
47dqg 4 vr wkdw doo vhulhv ￿w rq wkh judsk1 Wkh ￿uvw ￿jxuh vkrzv wkh ￿up qxpehuv/ sulfh/ dqg
pdunhw txdqwlw| gdwd iru wkh lqgxvwu| dorqj zlwk wkh hvwlpdwhg sdwwhuqv lq wkhvh vhulhv1 Wkh
vhfrqg ￿jxuh vkrzv wkh hvwlpdwhg wuhqgv lq wkh dyhudjh txdolw| ￿/ wkh dyhudjh yduldeoh0frvw
sdudphwhu @/ dqg wkh dyhudjh ￿{hg frvw s￿ Hdfk shulrg wkh dyhudjh txdolw| lv frpsxwhg e|
zhljkwlqj hdfk ￿up e| lwv txdqwlw| dqg txdolw| dqg wkhq glylglqj e| wkh pdunhw txdqwlw|1
Wkh dyhudjh yduldeoh0frvw sdudphwhu dqg ￿{hg frvw duh frpsxwhg e| zhljkwlqj hdfk ydoxh
e| wkh qxpehu ri ￿upv zlwk wkdw ydoxh dqg wkhq glylglqj e| wkh wrwdo qxpehu ri ￿upv1 Wkh
wklug ￿jxuh vkrzv wkh hvwlpdwhg wuhqgv lq sur￿wv iru wkh irxu w|shv ri ￿upv/ dqg wkh irxuwk
￿jxuh vkrzv wkh hvwlpdwhg wuhqgv lq lqyhvwphqw lq txdolw| dqg frvw lpsuryhphqwv1 Sur￿wv
dqg lqyhvwphqw duh phdvxuhg lq 4<;6 grooduv1
Iljxuhv 9058 khuh
Wklv vhfwlrq vxppdul}hv wkh frqfoxvlrqv wkdw fdq eh uhdfkhg iurp wkh hvwlpdwlrq uhvxowv
dqg ghvfulehv vrph ri wkh glvwlqfw ihdwxuhv ri hdfk lqgxvwu|*v hyroxwlrq1 Ri frxuvh/ ehfdxvh
wkhuh duh rqo| ￿yh lqgxvwulhv ehlqj vwxglhg/ doo jhqhudo frqfoxvlrqv duh vrphzkdw whqwdwlyh1
Hdfk lqgxvwu| lv glylghg xs lqwr wkuhh vwdjhv19 Vwdjh 4 lv wkh wdnhr￿ vwdjh/ dq lqlwldo shulrg
ri vxvwdlqhg qhw hqwu| ri ￿upv1 Vwdjh 5 lv wkh sodwhdx1 Lw ehjlqv zkhq wkh qhw hqwu| udwh idoov
ehorz 48( dqg lv d shulrg ri hlwkhu qr fkdqjh ru judgxdo fkdqjh lq ￿up qxpehuv1 Vwdjh
6 lv wkh vkdnhrxw vwdjh1 Lw ehjlqv zkhq wkh qhw h{lw udwh h{fhhgv 48( dqg lv d shulrg ri
vxvwdlqhg qhw h{lw1 Qrw doo lqgxvwulhv h{shulhqfh doo vwdjhv lq wkh wlph shulrg ehlqj vwxglhg
0 prqlwruv dqg sulqwhuv gr qrw hqwhu vwdjh 6 ehiruh 4<<<1:
Wkh hvwlpdwlrq uhvxowv vkrz wkdw wkh ￿yh lqgxvwulhv h{shulhqfhg gl￿huhqw sdwwhuqv lq
lqqrydwlrq ryhu wkh olih f|foh1 Wdeohv 5/ 6/ dqg 7 ghvfuleh wkh hvwlpdwhg dyhudjh udwhv ri
fkdqjh lq dyhudjh txdolw| +￿,/ wkh dyhudjh yduldeoh0frvw sdudphwhu +@,/ dqg dyhudjh ￿{hg
frvwv +s, lq hdfk vwdjh lq hdfk lqgxvwu|/ dqg Iljxuhv :/ 44/ 48/ 4</ dqg 56 looxvwudwh krz wkh
9Vwdjh 4 fruuhvsrqgv wr Jruw dqg Nohsshu*v eluwk dqg wdnhr￿ vwdjhv/ Vwdjh 5 lv wkh sodwhdx/ dqg Vwdjh
6 lv wkh vkdnhrxw1 Wkh phwkrg xvhg wr ghwhuplqh vwdjhv khuh +wkh 48( hqwu|2h{lw udwh, lv vlpsohu wkdq wkh
glvfulplqdqw dqdo|vlv xvhg e| Jruw dqg Nohsshu1
:Wkh dxwrpreloh lqgxvwu| hqwhuv vwdjh 5 lq 4<3< dqg vwdjh 6 lq 4<56/ wkh shuvrqdo frpsxwhu lqgxvwu|
hqwhuv vwdjh 5 lq 4<;: dqg vwdjh 6 lq 4<<6/ wkh uljlg glvn gulyh lqgxvwu| hqwhuv vwdjh 5 lq 4<;5 dqg vwdjh 6
lq 4<<5/ wkh prqlwru lqgxvwu| hqwhuv vwdjh 5 lq 4<;9/ dqg wkh sulqwhu lqgxvwu| hqwhuv vwdjh 5 lq 4<;81
48vhulhv hyroyh lq hdfk lqgxvwu|1
Wdeohv 507 khuh
Hvwlpdwhg txdolw| ulvhv lq hyhu| vwdjh lq hyhu| lqgxvwu|/ exw wkh udwh ri fkdqjh ydulhv
frqvlghudeo| e| vwdjh dqg e| lqgxvwu|> wkhuh lv qr rqh sdwwhuq1 Lq wkh dxwrpreloh lqgxvwu|
wkh udwh ri txdolw| fkdqjh lv kljkhvw lq vwdjh 4 dqg wkh udwhv lq vwdjhv 5 dqg 6 duh yhu| orz
dqg urxjko| htxdo1 Lq wkh shuvrqdo frpsxwhu lqgxvwu| wkh udwh ri txdolw| fkdqjh lv kljk lq
vwdjh 4/ orzhu lq vwdjh 5/ dqg wkhq kljk djdlq lq vwdjh 61 Wkh udwh lv kljkhvw lq vwdjh 61
Lq wkh uljlg glvn gulyh lqgxvwu| wkh udwh ri txdolw| fkdqjh ulvhv ryhu wkh olih f|foh1 Lq wkh
prqlwru lqgxvwu| wkh udwh lv wkh vdph lq vwdjhv 4 dqg 5/ dqg lq wkh sulqwhu lqgxvwu| lw ulvhv
iurp vwdjh 4 wr vwdjh 51 Rq dyhudjh/ wkh udwh ri txdolw| fkdqjh lv kljkhvw lq vwdjh 61
Wkh hvwlpdwhg yduldeoh0frvw ixqfwlrq vkliwv grzq lq hyhu| vwdjh lq hyhu| lqgxvwu|/ exw dv
zlwk txdolw| wkh udwh ri fkdqjh ydulhv e| vwdjh dqg e| lqgxvwu|1 Lq wkh dxwrpreloh lqgxvwu|/
wkh juhdwhvw shufhqwdjh ghfuhdvhv lq wkh yduldeoh0frvw ixqfwlrq rffxu lq vwdjh 51 Wklv lv dovr
wkh fdvh lq wkh uljlg glvn gulyh lqgxvwu|1 Lq wkh shuvrqdo frpsxwhu lqgxvwu|/ wkh juhdwhvw
shufhqwdjh ghfuhdvhv rffxu lq vwdjh 6/ dqg lq wkh prqlwru dqg sulqwhu lqgxvwulhv wkh| rffxu
lq vwdjh 41 Hvwlpdwhg ￿{hg frvwv ulvh lq prvw fdvhv/ exw idoo lq wkh prqlwru lqgxvwu| dqg lq
vwdjh 5 ri wkh sulqwhu lqgxvwu|1 Lq wkh dxwrpreloh lqgxvwu|/ ￿{hg frvwv ulvh dw wkh orzhvw udwh
lq vwdjh 51 Wklv lv dovr wkh fdvh lq wkh shuvrqdo frpsxwhu lqgxvwu|1 Lq wkh uljlg glvn gulyh
lqgxvwu| wkh| ulvh dw wkh orzhvw udwh lq vwdjh 4/ dqg lq wkh prqlwru lqgxvwu| wkh juhdwhvw
shufhqwdjh ghfuhdvhv rffxu lq vwdjh 41 Lq wkh sulqwhu lqgxvwu| ￿{hg frvwv ulvh lq vwdjh 4 dqg
idoo lq vwdjh 51
Wkh h￿hfwv ri frvw lqqrydwlrqv rq ￿upv* frvwv ghshqg rq wkh frpelqdwlrq ri yduldeoh dqg
￿{hg frvwv1 Xvlqj wkh e|0vwdjh udwhv ri fkdqjh lq wkh wzr frpsrqhqwv ri wkh frvw ixqfwlrq/
wkh udwh ri frvw lpsuryhphqw lq wkh dxwrpreloh lqgxvwu| dsshduv wr eh juhdwhvw lq vwdjh 5
dqg wkh udwh ri frvw lpsuryhphqw lq wkh prqlwru lqgxvwu| dsshduv wr eh juhdwhvw lq vwdjh 4/
exw lw lv gl!fxow wr uhdfk ￿up frqfoxvlrqv lq wkh rwkhu lqgxvwulhv1 Lq wkh rwkhu lqgxvwulhv
wkhuh lv d whqghqf| iru fkdqjhv lq wkh wzr frpsrqhqwv ri wkh frvw ixqfwlrq wr r￿vhw hdfk
rwkhu lq hdfk vwdjh 0 Wdeohv 6 dqg 7 vkrz wkdw vwdjhv zlwk odujhu udwhv ri ghfuhdvh lq wkh
49yduldeoh0frvw ixqfwlrq whqg wr dovr kdyh odujhu lqfuhdvhv lq ￿{hg frvwv1 Iljxuh 44 vkrzv wkdw
wkh shuvrqdo frpsxwhu lqgxvwu| lv d sduwlfxoduo| vwulnlqj h{dpsoh ri wklv sdwwhuq= fkdqjhv
lq wkh wzr vhulhv r￿vhw hdfk rwkhu ryhu wkh hqwluh olih f|foh1
Hyhq wkrxjk wkh yduldeoh dqg ￿{hg frvwv wudghr￿v vrphwlphv fdxvhg wkh sur￿wdelolw|
ri frvw lqqrydwlrq wr eh orz/ wkh hvwlpdwhv vxjjhvw wkdw ehlqj d vwhs dkhdg rq wkh frvw
odgghu zdv sur￿wdeoh lq doprvw hyhu| fdvh= wkh hvwlpdwhg lqyhvwphqw lq frvw lpsuryhphqwv
lv srvlwlyh lq hyhu| shulrg lq hyhu| lqgxvwu| zlwk wkh h{fhswlrq ri wkh dxwrpreloh lqgxvwu|
gxulqj 4;<9/ 4<5:/ dqg 4<5;1;
Ryhudoo/ wkh uhvxowv iru wkh dxwrpreloh lqgxvwu| duh frqvlvwhqw zlwk wkh uhvxowv rewdlqhg
e| Xwwhuedfn dqg Dehuqdwk| +4<:8,= wkh udwh ri txdolw| lpsuryhphqw lv kljkhvw gxulqj vwdjh
4 zkhq ￿up qxpehuv duh ulvlqj dqg wkhq idoov/ dqg wkh udwh ri frvw lpsuryhphqw lv kljkhvw
odwhu rq1 Wkh rwkhu lqgxvwulhv h{klelw d ydulhw| ri sdwwhuqv wkdw gl￿hu iurp wklv fdvh= wkh
hvwlpdwhg udwhv ri txdolw| lpsuryhphqw ulvh iurp vwdjhv 4 wr 5 lq wkh glvn gulyh/ prqlwru/ dqg
sulqwhu lqgxvwulhv/ dqg iurp vwdjhv 5 wr 6 lq wkh shuvrqdo frpsxwhu dqg glvn gulyh lqgxvwulhv>
wkh udwh ri fkdqjh lq wkh yduldeoh frvw ixqfwlrq lv kljkhu lq vwdjh 4 wkdq lq vwdjh 5 lq erwk
wkh prqlwru dqg sulqwhu lqgxvwulhv> dqg lq wkh frpsxwhu/ glvn gulyh/ dqg sulqwhu lqgxvwulhv
yduldeoh dqg ￿{hg frvw wudghr￿v rffxu dv wkh lqgxvwulhv hyroyh1 Shukdsv wkh prvw glvwlqfwlyh
gl￿huhqfh ehwzhhq wkh plfurhohfwurqlfv lqgxvwulhv dqg wkh dxwrpreloh lqgxvwu| lv wkdw wkh
udwh ri txdolw| fkdqjh whqgv wr ulvh dv wkh lqgxvwulhv hyroyh udwkhu wkdq idoo1 Lq wkh prgho/
wklv lv gxh hqwluho| wr wkh h{rjhqrxvo| dydlodeoh rssruwxqlwlhv iru txdolw| lpsuryhphqwv1 Wkh
uhvxowv vxjjhvw wkdw wkh qdwxuh ri wkh rssruwxqlwlhv iru lqqrydwlrq pd| eh gl￿huhqw lq prghuq
kljk0whfk lqgxvwulhv1
Jlyhq wkh gl￿huhqw sdwwhuqv lq lqqrydwlrq lw lv qrw vxusulvlqj wkdw wkhuh lv qr frqvlvwhqw
sdwwhuq ri txdolw| lqqrydwlrq ehlqj pruh sur￿wdeoh wkdq frvw lqqrydwlrq ru ylfh yhuvd1 Wdeoh
8 vkrzv wkdw lq wkh dxwrpreloh lqgxvwu|/ txdolw| dgydqwdjhv duh pruh sur￿wdeoh wkdq frvw
dgydqwdjhv lq vwdjhv 4 dqg 6/ exw frvw dgydqwdjhv duh pruh sur￿wdeoh lq vwdjh 51 Lq wkh
;Lq wkh dxwrpreloh/ glvn gulyh/ dqg sulqwhu lqgxvwulhv/ ylvxdo lqvshfwlrq ri wkh ￿jxuhv vxjjhvwv wkdw yduldeoh
frvwv uhdfk 3 ehiruh wkh hqg ri wkh vhulhv1 Krzhyhu/ wkh ￿jxuhv duh plvohdglqj> vxevwdqwldo udwhv ri yduldeoh0
frvw uhgxfwlrq frqwlqxh wr rffxu/ dv uhsruwhg lq Wdeoh 61 Lq wkh dxwrpreloh lqgxvwu| wkh hvwlpdwhv vxjjhvw
wrwdo frvwv urvh eulh | dw wkh ehjlqqlqj dqg wkh hqg ri wkh vhulhv> wkh rqo| zd| wkh prgho fdq dffrxqw iru
wklv lv wkurxjk h{rjhqrxv frvw0lqfuhdvlqj vkrfnv wkdw ￿upv frxog qrw dyrlg1
4:shuvrqdo frpsxwhu dqg wkh uljlg glvn gulyh lqgxvwulhv txdolw| dgydqwdjhv duh pruh sur￿wdeoh
ryhu doprvw doo ri wkh olih f|foh +Vhh wkh uhohydqw judskv dv zhoo,1 Lq wkh frpsxwhu prqlwru
dqg sulqwhu lqgxvwulhv frvw dgydqwdjhv duh pruh sur￿wdeoh lq vwdjh 4/ txdolw| dgydqwdjhv duh
pruh sur￿wdeoh lq vwdjh 5/ dqg wkh sur￿wdelolw| ri lqqrydwlqj whqgv wr ghfolqh ryhu wlph1
Wdeoh 8 khuh
Rqh sdwwhuq wkdw hphujhv lv wkdw lq hdfk ri wkh lqgxvwulhv wkdw h{shulhqfh d vwdjh 6 wkh
sur￿wdelolw| ri lqqrydwlqj lv kljkhvw lq vwdjh 6/ dqg prvw ri wkh sur￿w rssruwxqlwlhv duh lq
txdolw| lpsuryhphqw/ qrw frvw uhgxfwlrq1 Lqyhvwphqw ulvhv lq uhvsrqvh wr wkh lqfuhdvhg sur￿w
rssruwxqlwlhv1 Iljxuhv ;/ </ 45/ 46/ 49/ dqg 4: vkrz wkh sdwwhuqv lq wkh dxwrpreloh/ shuvrqdo
frpsxwhu/ dqg glvn gulyh lqgxvwulhv1 Wkh h{sodqdwlrq iru wklv lq wkh shuvrqdo frpsxwhu dqg
wkh glvn gulyh lqgxvwulhv lv vwudljkwiruzdug= erwk lqgxvwulhv h{shulhqfh vxevwdqwldo udwhv ri
txdolw| lpsuryhphqw lq vwdjh 6/ dqg zkhq frpelqhg zlwk odujh vfdoh surgxfwlrq whfkqrorjlhv/
wkhvh ohdg wr odujh sur￿wv iru txdolw| ohdghuv1 Lq wkh dxwrpreloh lqgxvwu|/ wkrxjk/ wkh udwh
ri txdolw| fkdqjh lv uhodwlyho| orz lq vwdjh 61 Wkxv/ wkh hvwlpdwhg sur￿w vhulhv ghprqvwudwh
wkdw ghwhuplqlqj wkh udwhv ri fkdqjh lq txdolw| dqg frvw gxulqj d vwdjh lv qrw vx!flhqw
iru ghwhuplqlqj wkh sur￿wdelolw| ri lqqrydwlqj gxulqj wkh vwdjh1 Lq wkh ￿uvw vwdjh ri wkh
dxwrpreloh lqgxvwu| wkh hvwlpdwhg udwh ri txdolw| lpsuryhphqw lv uhodwlyho| kljk exw wkh
hvwlpdwhg sur￿wdelolw| ri rewdlqlqj d txdolw| dgydqwdjh lv uhodwlyho| orz zkhq frpsduhg
zlwk odwhu vwdjhv1 Wkh uhdvrq iru wklv lv wkdw lq wkh hduo| vwdjhv yduldeoh frvwv duh kljk dqg
￿{hg frvwv duh orz/ vr ￿upv duh uhodwlyho| vpdoo1 Lq vwdjh 6 wkh udwh ri txdolw| fkdqjh lv orzhu
exw ￿upv duh odujh dqg fdq lqfrusrudwh dq| jlyhq txdolw| lpsuryhphqw lqwr pruh xqlwv ri
rxwsxw1
7141 Frqfoxvlrq
Wkh prgho suhvhqwhg khuh h{whqgv suhylrxv zrun rq lqgxvwu| olih f|fohv e| frqvlghulqj txdo0
lw| dqg yduldeoh dqg ￿{hg frvw lpsuryhphqwv vlpxowdqhrxvo| lq d  h{leoh iudphzrun1 Wkh
hpslulfdo uhvxowv vxjjhvw wkdw g|qdplf frpshwlwlyh lqgxvwu| htxloleulxp prghov fdq jhqhudwh
uhdvrqdeoh dqg lqvljkwixo hvwlpdwhv ri wkh qdwxuh dqg h￿hfwv ri lqqrydwlyh dfwlylw|1 Wkh prgho
4;fodul￿hv krz fxuuhqw ohyhov ri whfkqrorj| lqwhudfw zlwk fxuuhqw lqqrydwlrq rssruwxqlwlhv wr
ghwhuplqh sur￿wv1
Wkh prvw frpshoolqj lqvljkw lv wkdw frqyhqwlrqdo zlvgrp derxw krz rssruwxqlwlhv iru
lqqrydwlrq hyroyh pd| qrw dsso| wr prghuq kljk0whfk lqgxvwulhv1 Wkh uhvxowv vkrz wkdw wkh
dxwrpreloh lqgxvwu| lv wkh rqo| rqh wkdw hyroyhv dv ghvfulehg e| Xwwhuedfn dqg Dehuqdwk|
+4<:8, dqg Nohsshu +4<<9,= wkh hvwlpdwhg udwh ri txdolw| lpsuryhphqw lv kljkhvw hduo| rq
zkhq ￿up qxpehuv duh ulvlqj dqg wkh hvwlpdwhg udwh ri frvw lpsuryhphqw lv kljkhvw odwhu
rq1 Wkh rwkhu lqgxvwulhv h{klelw d ydulhw| ri sdwwhuqv/ exw lq hyhu| fdvh wkh hvwlpdwhg udwh
ri txdolw| lpsuryhphqw grhv qrw ghfolqh dv wkh lqgxvwulhv hyroyh1
Ixwxuh uhvhdufk vkrxog ghyhors gdwd dqg prghov wkdw h{soruh vrph pruh vxewoh fkdqjhv
wkdw rffxu ryhu wkh olih f|foh/ olnh fkdqjhv lq wkh wlplqj ri lqqrydwlrq dqg gl￿xvlrq1 Ulfkhu
hqylurqphqwv zlwk khwhurjhqhrxv fkrlfhv/ qhwzrun h￿hfwv/ dqg eudqg h￿hfwv dovr ghvhuyh
ixuwkhu vwxg|1 Iru h{dpsoh/ dq h{whqvlrq wr hqylurqphqwv lq zklfk vrph ￿upv vshfldol}h lq
lplwdwlrq +Qhovrq +4<;;,/ Hhfnkrxw dqg Mrydqrylf +4<<;,, zrxog eh d xvhixo qh{w vwhs1
Uhihuhqfhv
^4‘ Djduzdo/ Udmvkuhh/ dqg Jruw/ Plfkdho1 ￿Wkh Hyroxwlrq ri Pdunhwv dqg Hqwu|/ H{lw dqg
Vxuylydo ri Ilupv1￿ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1 +Dxjxvw 4<<9,= 7;<07<;1
^5‘ Fduuroo/ Johqq U1/ dqg Kdqqdq/ Plfkdho W1 Wkh Ghprjudsk| ri Frusrudwlrqv dqg Lq0
gxvwulhv1 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv/ 53331
^6‘ Gruipdq/ Qdqf| V1 Lqqrydwlrq dqg Pdunhw Vwuxfwxuh= Ohvvrqv iurp wkh Frpsxwhu dqg
Vhplfrqgxfwru Lqgxvwulhv1 Fdpeulgjh= Edoolqjhu/ 4<;:1
^7‘ Hhfnkrxw/ Mdq/ dqg Mrydqrylf/ Er|dq1 ￿Lqhtxdolw|1￿ Qhz \run Xqlyhuvlw| zrunlqj sdshu
+4<<;,1
^8‘ Jruw/ Plfkdho/ dqg Nohsshu/ Vwhyhq1 ￿Wlph Sdwkv lq wkh Gl￿xvlrq ri Surgxfw Lqqryd0
wlrqv1￿ Hfrqrplf Mrxuqdo1 <5 +Vhswhpehu 4<;5,= 9630861
^9‘ Krshqkd|q/ Kxjr1 ￿Wkh Vkdnhrxw1￿ Xqlyhuvlw| ri Urfkhvwhu zrunlqj sdshu +4<<7,1
4<^:‘ Lqirupdwlrq Whfkqrorj| Lqgxvwu| Gdwd Errn1 4<930533;1 Zdvklqjwrq/ G1F1= Lqirupd0
wlrq Whfkqrorj| Lqgxvwu| Frxqflo/ 4<<;1
^;‘ Mrydqrylf/ Er|dq/ dqg PdfGrqdog/ Johqq P1 ￿Wkh Olih F|foh ri d Frpshwlwlyh Lqgxv0
wu|1￿ Mrxuqdo ri Srolwfdo Hfrqrp|1 435 +4<<7,= 65507:1
^<‘ Nohsshu/ Vwhyhq1 ￿Hqwu|/ H{lw/ Jurzwk/ dqg Lqqrydwlrq ryhu wkh Surgxfw Olih F|foh1￿
Dphulfdq Hfrqrplf Uhylhz1 ;9 +4<<9,= 8950;61
^43‘ Nohsshu/ Vwhyhq/ dqg Judgg|/ Hol}dehwk1 ￿Wkh Hyroxwlrq ri Qhz Lqgxvwulhv dqg wkh
Ghwhuplqdqwv ri Pdunhw Vwuxfwxuh1￿ UDQG Mrxuqdo ri Hfrqrplfv1 54 +Vsulqj 4<<3,=
570771
^44‘ Qhovrq/ Ulfkdug1 ￿Prghoolqj wkh Frqqhfwlrqv lq wkh Furvv Vhfwlrq ehwzhhq Whfkqlfdo
Surjuhvv dqg U)G Lqwhqvlw|1￿ UDQG Mrxuqdo ri Hfrqrplfv 4</ qr1 6 +Dxwxpq 4<;;,=
7:;07;81
^45‘ Sruwhu/ Mdphv/ hglwru1 Glvn2Wuhqg Uhsruw/ Uljlg Glvn Gulyhv1 Orv Dowrv/ FD=
Glvn2Wuhqg/ +4<;304<<:,1
^46‘ Ud￿/ Gdqlho P1J1 dqg Wudmwhqehuj/ Pdqxho1 ￿Txdolw|0Dgmxvwhg Sulfhv iru wkh Dphulfdq
Dxwrpreloh Lqgxvwu|= 4<3904<731￿ lq Euhvqdkdq/ Wlprwk| I1 dqg Jrugrq/ Urehuw M1/
hgv1 Wkh Hfrqrplfv ri Qhz Jrrgv1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/ +4<<:,1
^47‘ Vshqfh/ Plfkdho1 ￿Frvw Uhgxfwlrq/ Frpshwlwlrq/ dqg Lqgxvwu| Shuirupdqfh1￿ Hfrqr0
phwulfd1 yro1 85/ qr1 4 +Mdqxdu|/ 4<;7,= 43404541
^48‘ Vwdylqv/ Mrdqqd1 ￿Prgho Hqwu| dqg H{lw lq d Gl￿huhqwldwhg0Surgxfw Lqgxvwu|= Wkh
Shuvrqdo Frpsxwhu Pdunhw1￿ Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1y r o 1O [[YLL/
qr1 7 +Qryhpehu/ 4<<8,= 8:408;71
^49‘ Wkrpdv Uhjlvwhu ri Dphulfdq Pdqxidfwxuhuv1 Wkrpdv Sxeolvklqj Fr1 +4<8;04<<<,1
^4:‘ Wkrpdv/ Urehuw Sdxo1 Dq Dqdo|vlv ri wkh Sdwwhuq ri Jurzwk ri wkh Dxwrpreloh Lqgxvwu|
4;<804<5<1 Qhz \run= Duqr Suhvv/ 4<::1
53^4;‘ X1V1 Ghsduwphqw ri Frpphufh1 Exuhdx ri Hfrqrplf Dqdo|vlv1 ￿Frpsxwhu Sulfhv lq wkh
Qdwlrqdo Dffrxqwv= Dq Xsgdwh iurp wkh Frpsuhkhqvlyh Uhylvlrq1￿ Zdvklqjwrq/ GF/
+Mxqh 4<<9,1
^4<‘ Xwwhuedfn/ Mdphv P1 dqg Dehuqdwk|/ Zlooldp M1 ￿D G|qdplf Prgho ri Surfhvv dqg
Surgxfw Lqqrydwlrq1￿ Rphjd1 6 +4<:8,= 96<0891
54Dsshqgl{ D= Irupdo Uhvxowv
Wkh iroorzlqj uhvxow lv xvhg ehorz1 Zkhq orz0whfk ￿upv duh lq wkh pdunhw/ ￿upv* ydoxh
ixqfwlrqv gl￿hu rqo| e| fxuuhqw sur￿wv/ dqg T f
| fdq eh h{suhvvhg dv
T f
| ’ 4@ %^c%SdZf





|n￿ n E￿ ￿b^E%^￿￿bSE%S￿ZS
|n￿












| dqg txdolw| dqg frvw sdudphwhuv duh h{rjhqrxv/ sur￿wv iru hdfk w|sh ri ￿up duh d
ixqfwlrq ri Rf
|1 Wkhuhiruh/ li Rf
|n￿ lv nqrzqc rswlpdo lqyhvwphqwv lq shulrg | fdq eh frpsxwhg￿
Jlyhq wkh lqyhvwphqwv/ wkh rqo| uhpdlqlqj xqnqrzq lq Ee￿￿￿ lv Rf
|￿ Wkh frqglwlrq T f
| ’ f fdq
eh xvhg wr vroyh iru Rf
|￿ Wkhuhiruh/ jlyhq Rf
|n￿cR f
| fdq eh rewdlqhg￿
714141 Txdolw| Lqqrydwlrqv
Frqvlghu dq lqgxvwu| zlwk rqo| txdolw| lqqrydwlrqv lq zklfk ￿f
|n￿ ’ #￿f
| iru doo |c zkhuh
#:￿￿ Wklv lpsolhv wkdw R
^
| ’ #Rf
|￿ Wkh frqglwlrq T f
| ’ f fdq eh zulwwhq dv iroorzv=
4@ %^dZf
|ERf





|n￿￿￿o ’f ￿ +715,
Sulfh lv frqvwdqw ryhu wlph1 Wr vhh wklv/ ohw Rf
| ’ Rf
|n￿ ’ Rf￿ Wkh hqyhorsh wkhruhp lpsolhv








|ERf￿ duh lqfuhdvlqj lq Rf,1 Li Rf ’ fc
wkh h{suhvvlrq htxdov ￿sfc dqg dv Rf $4wkh h{suhvvlrq pxvw eh srvlwlyh￿ Frqwlqxlw| ri
wkh sur￿w ixqfwlrqv lpsolhv wkdw d xqltxh Rf vdwlv￿hv htxdwlrq E715￿1
Vlqfh wkh sulfhv dqg frvwv duh frqvwdqw/ ^
^
| dqg ^f
| duh frqvwdqw1 Ixuwkhu dqdo|vlv uhtxluhv
ixuwkhu dvvxpswlrqv1 Li kljk0whfk ￿upv duh d vpdoo iudfwlrq ri wkh wrwdo/ dyhudjh sulfh dqg
txdqwlw| duh dssur{lpdwho| Rf dqg ^f￿ Lqfuhdvlqj txdolw| pd| hlwkhu vkliw pdunhw ghpdqg
55rxw ru lq dqg uhvxow lq hlwkhu dq lqfuhdvh ru d ghfuhdvh lq pdunhw txdqwlw|1< Li kljk0whfk ￿upv
duh d vpdoo iudfwlrq ri wkh wrwdo/ ￿up qxpehuv iroorz wkh sdwwhuq lq pdunhw txdqwlw|1
714151 Yduldeoh0Frvw Lqqrydwlrqv
Frqvlghu dq lqgxvwu| zlwk rqo| yduldeoh0frvw lqqrydwlrqv1 Dvvxph wkdw SE@c^￿’SE@^￿ dqg
wkdw @f
|n￿ ’ l@f
| iru doo |c zkhuh f ￿l￿￿1 Doo ￿upv idfh wkh vdph sulfh/ R1 Hdfk ￿up*v







￿ Orz0whfk dqg kljk0whfk sur￿wv fdq
eh h{suhvvhg dv ixqfwlrqv ri
R|
@f
| 1 Wkh htxloleulxp sulfh sdwk lv R|n￿ ’ lR| iru doo | +xvh
wkh phwkrg lq wkh suhylrxv vxevhfwlrq,￿ Jlyhq wklv/
R|
@f
| lv frqvwdqw/ ZS
| dqg Zf
| duh frqvwdqw/
lqyhvwphqw lv frqvwdqw/ dqg ^|n￿ ’
￿
l^|￿ Wkxv/ sulfh idoov dqg txdqwlw| shu ￿up ulvhv1
Pdunhw txdqwlw| ulvhv dv sulfh idoov1 Xqghu wkh dvvxpswlrq wkdw ?S
| lv d vpdoo iudfwlrq ri








’| c zkhuh ?| uhsuhvhqwv
wrwdo ￿up qxpehuv lq shulrg |￿ Ilup qxpehuv lqfuhdvh li
’|n￿
’| : ￿
lc dqg ghfuhdvh rwkhuzlvh1
Li wkh sulfh hodvwlflw| ri ghpdqg lv ohvv wkdq ￿
￿
l zkhq sulfhv duh kljk dqg h{fhhgv ￿
￿
l zkhq
sulfhv duh orz +dv lv wkh fdvh zlwk d olqhdu ghpdqg fxuyh,c wkhq dv @f
| idoov ￿up qxpehuv ulvh
dqg wkhq idoo1 Krshqkd|q +4<<7, rewdlqv d vlplodu uhvxow1
714161 Il{hg0Frvw Lqqrydwlrqv
Frqvlghu dq lqgxvwu| zlwk rqo| ￿{hg0frvw lqqrydwlrqv/ dqg dvvxph wkdw sf
| ￿i ’ sf
|n￿c zkhuh
i : f￿ Wkh frqglwlrq T f
| ’ f fdq eh zulwwhq dv iroorzv=
4@ %SdZf
| ￿ %S n BbSE%S￿io ’f ￿ +716,
Fohduo| %S lv frqvwdqw1 Wkhuhiruh/ dv sf
| idoov Rf
| pxvw idoo wr nhhs Zf
| frqvwdqw1 Ilup hqwu|
fdxvhv Rf
| wr idoo1 Dv Rf
| idoov/ ^S
| dqg ^f
| idoo ehfdxvh yduldeoh frvwv uhpdlq xqfkdqjhg zkloh
￿upv idfh d orzhu sulfh1 Ixuwkhu/ dv Rf
| idoov pdunhw txdqwlw| ulvhv1
<Txdolw| lpsuryhphqwv fdq uhgxfh ghpdqg iru xqlwv hyhq zkhq ghpdqg iru vhuylfhv ulvhv1 Iru h{dpsoh/
lpsurylqj wkh olih ri d oljkw exoe pd| ghfuhdvh wkh qxpehu ri oljkwexoev vrog shu shulrg ehfdxvh ihzhu exoev
qhhg wr eh uhsodfhg1
56Dsshqgl{ E= Wkh Hvwlpdwlrq Phwkrg
Dvvxph wkdw orz0whfk ￿upv duh lq wkh pdunhw lq hyhu| shulrg1 Jlyhq dq lqlwldo vhw ri ydoxhv
iru _fc _￿c_ 2c_ ￿c￿ ￿c￿ 2c￿ ￿c￿ ec￿ Dc￿ Sck ^ck ScK fcK ￿cK 2cK ￿c dqg Bc vlpxodwh wkh prgho=
Vwduw dw wkh odvw shulrg/ Ac dqg vhw Rf
A +wkh hvwlpdwlrq phwkrg hvwlpdwhv Rf
A,￿ Fdofxodwh
lqyhvwphqwv dqg Rf
A3￿ dv ghvfulehg lq Dsshqgl{ D1 Uhshdw wkh surfhgxuh wr rewdlq sulfhv
dqg lqyhvwphqwv iru hyhu| shulrg1 Jlyhq sulfhv frpsxwh wkh txdqwlwlhv surgxfhg e| hdfk
w|sh ri ￿up1
Qh{w/ frpsxwh ￿up qxpehuv1 Dw | ’ ￿/ doo ￿upv duh orz0whfk ￿upv/ dqg ?f
￿ f d qe hr e 0
wdlqhg xvlqj wkh pdunhw0fohdulqj frqglwlrq1 Zlwk wkh lqyhvwphqwv dqg ?f
￿ qxpehuv ri wkh ydu0









2c wkh txdqwlwlhv/ dqg wkh sulfhv/ rewdlq ?f
2 xvlqj wkh pdunhw0fohdulqj frqglwlrq￿
Uhshdw wklv surfhgxuh wr rewdlq ￿up qxpehuv iru hdfk w|sh ri ￿up lq hyhu| shulrg1







|￿ Dyhudjh sulfh/ pdunhw txdqwlw|/ dqg dyhudjh txdolw| fdq doo eh fdofxodwhg1
Wkhq frpsxwh wkh glvwdqfh ehwzhhq wkh ￿up qxpehuv vhulhv wkh prgho jhqhudwhv dqg wkh
￿up qxpehuv gdwd/ wkh glvwdqfh ehwzhhq wkh sulfh vhulhv wkh prgho jhqhudwhv dqg wkh sulfh
gdwd/ hwf1 Fkrrvh sdudphwhuv ri wkh prgho wr plqlpl}h d zhljkwhg glvwdqfh ixqfwlrq1
Irupdoo|/ dvvxplqj wkdw wkh orjjhg gdwd duh jhqhudwhg e| wkh orjv ri wkh prgho*v lqgxvwu|
revhuydeohv soxv qrupdoo|0glvwulexwhg udqgrp0huuru whupv/
*??
W
| ’ *? ?| n "?| +717,
*? ’
W
| ’ *? ’| n "’| +718,
*? R
W
| ’ *? R| n "R| +719,
*?￿
W
| ’ *? ￿| n "￿| +71:,
*? ?
^SW
| ’ *? ?
^S
| n "?^S|c +71;,
*??
^W





| ’ *? ?
S
| n "?S| +71<,
57zkhuh wkh gdwd duh glvwlqjxlvkhg e| dvwhulvnv1 Wkh huuru whupv duh lqghshqghqw ri hdfk rwkhu







?Sc zlwk wkh h{fhswlrq
ri wkh huuru whupv rq ￿up qxpehuv dqg txdqwlw|143 Wkh prgho doorzv iru vrph revhuydwlrqv
wr eh plvvlqj1 Iru h{dpsoh/ vxssrvh wkdw ?c’ cR cdqg ￿ duh revhuyhg hyhu| shulrg/ ?^S dqg
?^ duh revhuyhg lq vrph shulrgv/ dqg ?S lv qhyhu revhuyhg1 Gh￿qh P dv iroorzv=
P’
5
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| eh dq lqglfdwru ixqfwlrq wkdw wdnhv rq wkh ydoxh ￿ zkhq ?
^
| lv revhuyhg dqg f




















zkhuh "| ’ d"?| "’| "R| "￿|o dqg "?^
| ’ U?^
| d"?^| "?^S|o +wkh odvw wkuhh whupv lq u| uhgxfh wr wkh
ydoxh ￿ zkhq ?
^




zkhuh A uhsuhvhqwv wkh qxpehu ri revhuydwlrqv1 Sdudphwhuv _fc_ ￿c_ 2c_ ￿c￿ ￿c￿ 2c￿ ￿c￿ ec







￿c dqg j?’ duh hvwlpdwhg iru hdfk
lqgxvwu| e| pd{lpxp olnholkrrg/ dqg B lv vhw dw 1<91 Suholplqdu| olnholkrrg udwlr whvwv ohg
wr gursslqj vrph sdudphwhuv lq vrph fdvhv1
43Wkh huuruv rq ￿up qxpehuv dqg pdunhw txdqwlw| duh dvvxphg wr eh fruuhodwhg lq rughu wr lpsuryh wkh
pdwfk ehwzhhq wkh txdqwlw|0shu0￿up vhulhv wkdw wkh prgho jhqhudwhv dqg wkh txdqwlw|0shu0￿up vhulhv lq wkh
gdwd1
58Wkh Lqgxvwulhv
59Wkh Dxwrpreloh Lqgxvwu| +4;<804<5<,
5:Wkh Shuvrqdo Frpsxwhu Lqgxvwu| +4<:804<<<,
5;Wkh Uljlg Glvn Gulyh Lqgxvwu| +4<;304<<<,
5<Wkh Frpsxwhu Prqlwru Lqgxvwu| +4<:404<<<,
63Wkh Frpsxwhu Sulqwhu Lqgxvwu| +4<:304<<<,
64Table 1. Effects of Improvements on Observables 
 Observable       
Improvement  Price  Mkt. Quantity  Firm Numbers  Quantity/Firm 
Quality  None Varies  Varies  None 
Variable-Cost  Down Up  Varies  Up 
Fixed-Cost  Down Up  Up  Down 
 
Table 2. Estimated Average Annual Rate of Change in Average Quality by Stage 
 Stage    
Industry  Stage 1  Stage 2  Stage 3 
Automobile  0.25 0.031  0.032 
Computer  0.34 0.17 0.38 
Disk Drive  0.0046 0.36  0.53 
Monitor  0.11 0.11 - 
Printer  0.035 0.14  - 
     
Average  0.15 0.16 0.31 
Automobile Stage 1: 1895-1908; Stage 2: 1909-1922; Stage 3: 1923-1929. 
Computer Stage 1: 1975-1986; Stage 2: 1987-1992; Stage 3: 1993-1999. 
Disk Drive Stage 1: 1980-1981; Stage 2: 1982-1991; Stage 3: 1992-1999. 
Monitor Stage 1: 1971-1985; Stage 2: 1986-1999. 
Printer Stage 1: 1970-1984; Stage 2: 1985-1999.  
 
Table 3. Estimated Average Annual Rate of Change in the Average Variable-Cost 
Parameter by Stage 
 Stage    
Industry  Stage 1  Stage 2  Stage 3 
Automobile  -0.22 -0.32 -0.25 
Computer  -0.086 -0.11  -0.26 
Disk Drive  -0.05 -0.51 -0.29 
Monitor  -0.14 -0.059  - 
Printer  -0.26 -0.12 - 
     
Average  -0.15 -0.22 -0.26 
 
Table 4. Estimated Average Annual Rate of Change in Average Fixed Cost by Stage 
 Stage    
Industry  Stage 1  Stage 2  Stage 3 
Automobile  0.36 0.24 0.36 
Computer  0.072 0.064 0.25 
Disk Drive  0.034 0.21  0.21 
Monitor  -0.086 -0.054 - 
Printer  0.024 -0.0098  - 
     
Average  0.081 0.09  0.27 Table 5. Estimated Average Annual Profits from Quality and Cost Advantages by 
Stage (1983 dollars) 
 Stage     
Industry/Type of Advantage  Stage 1  Stage 2  Stage 3 
     
Automobile/Quality  298,627 239,701 14,560,351 
Automobile/Cost  107,235 3,423,699  -3,008,900 
     
Computer/Quality  22,744,028 7,642,974  67,235,081 
Computer/Cost  851,163 1,102,150  -4,355,656 
     
Disk Drive/Quality  22,401,596 50,984,007 212,677,740 
Disk Drive/Cost  22,188,914 38,761,736 17,011,323 
     
Monitor/Quality  4,658,169 1,697,398 - 
Monitor/Cost  5,696,622 809,227  - 
     
Printer/Quality  1,919,094 5,527,746 - 
Printer/Cost  9,671,847 2,621,487 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 